Immunofluorescence was used as an aid in the antigenic grouping of 14 cultivable treponemes. Antisera were prepared versus each treponemal strain, and the antiglobulins were conjugated with fluorescein isothiocyanate. A common antigenantibody system, detected in the strains studied, was removed by absorption of each conjugate with Reiter or Borrelia vincentii treponemes. Thus, five categories based on shared group-specific antigens were revealed. Carolina, Chapel Hill, 1965).
Treponema pallidum (11) . Numerous investigations have concerned the study of common and specific antigenic fractions from T. pallidum, Reiter (3, 5, 6, 16) , T. zuelzerae (2) , and several nonpathogenic genital treponemes (9) . It has been shown that these organisms are related by a protein-type antigen. More recently, Nell and Hardy (15) extracted from the Reiter treponeme a purified polysaccharide antigen which cross-reacted with seven of nine treponemal immune sera tested.
Further, a clsssification of 16 treponemes and 1 Borrelia species was determined by precipitating antibody methods (G. R. Cannefax, Dr. P. H. Thesis, Univ. of North Carolina, Chapel Hill, 1965) .
Since it was reported (8, 14) that treponemes could be antigenically separated by direct fluorescent-antibody (FA) techniques, we have been interested in using FA techniques to confirm and extend present knowledge of treponemal classification. This report describes the antigenic relationships revealed in a study of 14 cultivable treponemes and suggests a serological grouping of the organisms.
MATERIALS AND METHODS
The treponemes included in this study were nine strains, originally purported to be T. pallidum, which are now nonpathogenic and cultivable on artificial media (Reiter, English Reiter, Kazan, Kazan 2, Kazan 4, Kazan 5, Kazan 8, Nichols, and Noguchi), three strains of small mouth treponemes representing normal human flora (MRB, FM, and N-39), a freeliving treponeme isolated from California mud (T. zuelzerae), and the N-9 strain of Borrelia vincentii.
This laboratory received the strains from several sources which were acknowledged in a paper by Hanson and Cannefax (13) . Propagation of T. zuelzerae was in the serum-free Veldkamp medium (18) . The other organisms were grown in Thioglycollate Medium (Difco) containing 10% normal rabbit serum.
Details of test procedure, preparation of antisera, and absorption techniques were described in a previous report (8) . In brief, antisera were prepared in rabbits versus each of the 14 treponemes, with the use of 72-hr broth cultures for inoculum. The antisera were fractionated with half-saturated ammonium sulfate, and the antiglobulins were labeled (17) with fluorescein isothiocyanate at a dye-protein ratio of 1:40. Free fluorescein was removed by passage of the conjugated antiglobulins through a column of G-25 Sephadex (12) . To determine the amount of antibody present, the conjugates were titrated on their homologous organisms. For Table 2 , it did not seem to affect the intensity of fluorescence on the homologous anti- The reduced staining or lack of staining noted with Nichols, Noguchi, and the three mouth treponemes may be due to differences in structure or location of the cross-reacting antigen, such differences rendering the antigen undetectable by our methods. This theory was proposed earlier to explain lack of staining with mouth treponemes (8) After removal of common antibody, the three oral treponemes reveal an antigen which separates them into serogroup III. In addition, MRB and FM contain an antigen not present in N-39, whereas N-39 has an antigen not found in either MRB or FM. These findings indicate a further breakdown into serotypes. N-39 represents one serotype, whereas MRB and FM represent another.
The N-9 strain of B. vincentii comprises serogroup IV, and serogroup V is composed of T. zuelzerae. Separation of these treponemes is clearly indicated by the failure of cross-absorption to reduce homologous staining. Further, serogroups IV and V may have a minor antigen in common, as evidenced by the failure of Reiter absorption to separate completely B. vincentii and T. zuelzerae (Table 2) .
Thus, the 14 treponemes are divided into five serogroups on the basis of shared group-specific antigens. The five serogroups are related to each other by a common treponemal antigen detected by FA. Limited blocking or inhibition experiments have been done which verify the serological groupings demonstrated by absorption of the conjugates with Reiter and B. vincentii treponemes. A summary of the antigenic groupings is given in Table 6 . VOL. 93, 1967 
